lic health by: (1) ensuring the delivery of a consistent message; (2) providing flexible training in both time and place for public health employees; (3) helping to create a community of collaboration among colleagues, and; (4 ) presenting an excellent tool for distributing knowledge and skills. 4 This article describes the blended learning teaching methodology, provides examples of blended learning in practice, and outlines areas where future research can improve the efficacy of blended preparedness training for the public health workforce.
WHAT IS BLENDED LEARNING?
The term blended learning is only one of a stream of new terms that have flowed into the vocabulary of educators since the integration of computers and learning. Other words and phrases used to describe online learning include: web-based learning, e-learning, hybrid learning, flexible learning, and mixed mode learning. Some educators and information technology (IT) professionals refer to blended learning as those courses that combine face-to-face traditional classroom style teaching with online learning and reduced classroom or seat-time contact. 6 Others, such as the Office for Domestic Preparedness (ODP), have expanded that definition to include modular training content in a variety of media such as interactive video teletraining, video and web-based conferencing, web-based training, computer-based training, audio conferencing, and print-based/self-paced methods to keep pace with current needs. ODP contends that combining these alternative instructional methods with traditional delivery constitutes a "blended approach." 7 Still others define blended learning as a model that can include online instruction, mentoring/instructor-led supports, and varying sources of electronic and print media. 8 For the purposes of this article, we shall use the definition of Roval and Jordan, who describe blended learning as "a hybrid of classroom and online learning that includes some of the conveniences of online courses without the complete loss of face-to-face contact." 9 In 2003, ODP officially adopted the blended learning strategy for the training of first responders because "resources must satisfy several million individual responders in need of initial training and sustainment training" and the organization saw the need for a more "distributed and flexible training model that is agile enough to address dynamic requirements quickly, and robust enough to reach a diverse and growing audience." More specifically, blended learning can: 7 a. Provide accessibility in a convenient timeframe for the learner.
b. Create consistency in the content to establish a uniform baseline of information for the public health workforce.
c. Promote learner acceptance and satisfaction of instructional approach.
d. Offer repeatable opportunities for learning and simulated experience (reinforcement).
e. Provide cost-effective instruction.
f. Provide a diverse array of instructional approaches specifically targeted to the learner audience and the subject matter and skills sets to be delivered. 4, 5 A blended learning approach is student-centered and uses a selection process or tool that: g. Offers a variety of interaction through stimuli and activity.
DEMAND FOR BLENDED LEARNING
Blended learning technologies have been increasingly applied in a variety of fields, both public and private, in recent years. Universities, federal employees, and private businesses are among those employing blended learning technologies in training students and personnel currently in the workforce. 3, 4, 5 Of particular note is the increasing use of blended learning to train the medical and public health communities in emergency preparedness training for a variety of groups such as emergency managers, government officials, and public safety personnel. 6 In addition to "top-down" support for the use of blended learning to train the public health workforce in preparedness skills, preliminary research shows there is demand for such training. The Accreditation Council for Continuing Medical Education's Annual Report shows steady increase in growth in online participation for Continuing Medical Education (CME) activities and hours for both physicians and non-physicians from 1998-2003. 7, 8 Internet CME that accounted for 2.15% of all activities and 0.60% of all credit hours in 1998 9 rose to 21.70% of all activities and 4.11% of all credit hours in 2004. 10 In addition, when nurses in a 2003 study were asked their learning preferences for emergency preparedness competencies, online web-based courses ranked second after face-to-face learning. 11 More generally, in the 2001 National Household Education Survey by the National Center for Education Statistics, 49% of Americans participated in a postcompulsory (such as courses required by teachers after graduating to maintain certification) education activity and 53.6% of participants had an activity involving the use of technology. 12 As education level and income level rose among adults, those numbers increased. For example, 74.5% of professionals participated in a post-compulsory education activity, and 61.6% of those participants had an activity involving the use of technology. 18 Among all users, the primary reason for acceptance of blended learning models is that the time commitments are highly flexible and allow students to take courses that would otherwise not be possible, given obligations to work and family. 13 The awarding of continuing educational units and recognition by professional organizations is also highly valued, and, in the medical profession, is the most important criterion in the selection of continuing education activities. 14 Consequently, allowing more blended learning courses to count for continuing education units may serve to further increase the demand for this type of instructional model.
BLENDED LEARNING IN PRACTICE, EXAMPLES OF COURSEWORK
To our knowledge, the lead author of this paper (Dr. Moore) was among the first to introduce the blended learning approach for training public health workers. Some general comments may be made from objective evaluations of many of these courses. This was the first online course experience for more than 80% of the participants. More than 705 of the participants participated in the onsite and online portions of the courses during normal paid working hours. Seventyfive percent of the participants preferred the combination of onsite and online learning to other alternatives, including two-way videoconferencing, audiotapes, webcasts, CD-ROM, self-study, satellite broadcasts, and tabletop exercises. Eighty percent or more of the participants believed that the objectives of the courses were met to a moderate or high degree, found that the training materials were useful and provided them with new information, and would recommend the training program to others.
This approach and use of best practices is identical to that described by Margie Martyn for liberal arts college curricula presented in Cleveland, Ohio in 2003. 15 There is initially a face-to-face meeting that familiarizes the students with the technology, introduces the expectations of the course, presents an introductory chapter, and helps to create a sense of community through introductions (Figure) . The technology components that are introduced include an opportunity for each student to log on to the online course and navigate through the course under direction. The students also test the interactive components of the course including e-mail and threaded discussions with postings and responses. This interactive feature is used throughout the course for each unit or chapter covered. Additionally, frequent feedback and assessment is used to motivate students throughout the course, including comments on all submitted threaded discussions within 24 hours for each student, responses to the class via email, and electronic cards that are used to praise student efforts. A final face-to-face class is mandatory and consists of a tabletop exercise that involves all students in a scenario that is a culminating experience of all the principles they have learned during the course.
EFFICACY OF BLENDED LEARNING
Although blended learning strategies are gaining in approval and popularity, rigorous evaluation is needed to ascertain whether these methods are valid in providing measurable improvements in job performance or response in comparison to other techniques. To answer this question, the learning company Thomson NETg conducted the multi-year "Thomson Job Impact Study." 6 Thomson designed a study with the following five groups: three groups exposed to blended learning solutions, a fourth E-learning group that received strictly online training, and a control group that received no training. Each participant in the study completed a post-assessment and three real-world tasks after they received the training. Researchers found the following results:
• The three blended learning groups performed nearly the same on the real-world tasks, with an accuracy ranging from 153% to 163% better than the control group and between 27% and 32% better than the e-Learning group. • The three blended learning groups performed real-world tasks between 41% and 51% faster than those who received e-Learning alone.
• The participants in the e-Learning group performed tasks with 99% more accuracy than the control group.
The Thomson Study identified three core features that contributed to the success of the blended learning approach:
• Use of Scenario-Based Exercises as the basis for learning software,
• Use of full-featured, actual software, and
• Assessments designed to parallel real-world tasks.
Similarly, student and faculty satisfaction and student learning outcomes have been consistently higher with blended learning courses taught at the University of Central Florida than with comparable face-to-face and fully online courses. 3 Researchers at UCF conclude that blended learning addresses such challenges as access, cost, efficiency, timeliness of degree completion, Figure. The Blended Learning Process and lifelong learning issues. The UCF study found that blended courses have the potential to increase student learning outcomes while lowering attrition rates when compared with equivalent fully online courses, and that the blended model is comparable or better than face-to-face courses in this regard. The researchers concluded that the rhythms of blended courses differed from those in face-to-face classes, and required students to interact on a regular basis and remain actively engaged. Although substantially changing the way they learned, this model allowed students to retain the familiarity of face-to-face class meetings.
One of the contributing features to the success of blended learning in increasing learning and retention may be the sense of community among students. Roval and Jordan tested the hypothesis that the sense of community would be strongest in the blended course when compared to traditional and fully online courses. 7 The Classroom Community Scale was used to measure connectedness and learning from an instrument containing 20 self-report items featuring a five-point Likert scale. Various statistical measures such as analysis of covariance (MANCOVA) and the Beta squared (h2) statistic were used to analyze the data. The blended course possessed the highest estimated marginal mean of the connectedness variable, followed by the traditional courses and then the online courses. The evidence supports the conclusion that blended courses produce a stronger sense of community among students than either traditional or fully online courses.
GAPS IN CURRENT RESEARCH IN USE OF BLENDED LEARNING IN PUBLIC HEALTH PREPAREDNESS
A search for studies on the effectiveness of blended learning in providing measurable improvements in job performance for the public health workforce in emergency preparedness found no results. Nothing similar to the Thomson Study, performed on corporate entities, could be located for public health.
To begin, our research team searched for articles published through January 2005 using the following electronic databases: PubMed, ERIC (EBSCOhost), and Education Abstracts. An internet search was also conducted using the Google search engine. Search terms included "effectiveness, success, distance learning, blended learning, public health, emergency, and preparedness." As part of the internet search, our team also followed up by following links and visiting websites not identified simply through using the terms in the Google search.
Our search produced five studies on the use of distance or blended learning in public health: one study on the effectiveness of blended learning and user satisfaction, one study on user satisfaction with blended learning, and two studies on user satisfaction with distance learning. 9, [16] [17] A study by Davis, et al. on effectiveness and satisfaction consisted of participants in the University of North Carolina Chapel Hill's (UNC) Master of Public Health blended education program filling out a post-program survey that evaluated the course's impact on their skills and their personal satisfaction with the course. 9 All measurements were self-reported. Impact measurements included participants' opinions as to if the program impacted their ability to do their current job, improved key skills, and changed their perspective on public health. Additional measurements included data on job changes, promotions, and new affiliations and service commitments since program completion. The investigators found the program to be successful in both satisfaction and impact, but did note that the purpose of the study, which lacked a control group and impartial observers, was not intended to confirm the validity of distance learning as a format for graduate education.
A study measuring solely the satisfaction of blended learners was also based on the UNC program. 21 While specific aspects of the program received low scores by students, such as satisfaction with feedback from instructors, participants were satisfied overall. Hannon et al. examined just the distance learning component of the UNC study and found similar results, e.g., overall satisfaction with the program by participants, albeit with areas for improvement. 22 The final two studies evaluated student satisfaction with newly established flexible learning courses in Korea. 23, 24 One study evaluated user satisfaction with two courses, Systems Analysis and Case-Control Study, while the second Korean study evaluated a vaccine education program for public health officials. Researchers in the first Korean study evaluated both the appropriateness of course content and the appropriateness of system characteristics for each course through selfreported data by students. Overall, 66.7% of the participants in both classes felt the online courses satisfactorily met the course objectives. 23 Results were mixed as to student satisfaction with the vaccine course. Of the respondents, 55.3% reported the online course to be less effective than traditional off-line learning, while 89.7% of participants would take part in future webbased learning. 24 Despite the initial data that shows distance learning and blended learning to be promising instructional methodologies for preparedness training of public health workers, research gaps exist in the evaluation of these techniques. The rapidly developing technol-ogy of this field makes some of these studies outdated. The limited number of studies and the small sample sizes of the studies do not cover a wide cross-section of available technologies. Also, the use of satisfaction data by the investigators does not adequately measure the efficacy of distance learning in either preparedness or public health training. Finally, it should be restated that distance learning is distinct from blended learning, and while results of distance learning evaluations may serve as useful indicators as to the probable efficacy and user acceptance of blended learning, distance learning data does not serve as an adequate replacement for specific blended learning studies.
MOVING FORWARD
Although very promising, the use of blended learning to advance preparedness training of the public health workforce is in need of more definitive studies that measure improvements in response and job performance. Blended learning, specifically in the field of preparedness, should be evaluated further, and program designers can help achieve this aim by building data collection tools into software programs' initial designs. Once data is evaluated, it can be seen if the benefits of blended learning found in other fields carry over into preparedness training. This information can be used to guide policy makers and educators as they plan national, regional, state, and local trainings for the public health workforce.
